Molecular evolution of rbcL in the mycoheterotrophic coralroot orchids (Corallorhiza Gagnebin, Orchidaceae).
The RuBisCO large subunit gene (rbcL) has been the focus of numerous plant phylogenetic studies and studies on molecular evolution in parasitic plants. However, there has been a lack of investigation of photosynthesis gene molecular evolution in fully mycoheterotrophic plants. These plants invade pre-existing mutualistic associations between ectomycorrhizal trees and fungi, from which they obtain fixed carbon and nutrients. The mycoheterotrophic orchid Corallorhiza contains both green (photosynthetic) and non-green (putatively nonphotosynthetic) species. We sequenced rbcL from 31 accessions of eight species of Corallorhiza and hypothesized that some lineages would have pseudogenes resulting from relaxation of purifying selection on RuBisCO's carboxylase function. Phylogenetic analysis of rbcL+ITS gave high jackknife support for relationships among species. We found evidence of pseudogene formation in all lineages of the Corallorhiza striata complex and in some lineages of the C. maculata complex. Evidence includes: stop codons, frameshifts, decreased d(S)/d(N) ratios, replacements not observed in photosynthetic species, rate heterogeneity, and high likelihood of neutral evolution. The evolution of rbcL in Corallorhiza may serve as an exemplary system in which to study the effects of relaxed evolutionary constraints on photosynthesis genes for >400 documented fully mycoheterotrophic plant species.